Carbonate oozes recovered by hydraulic piston coring at DSDP Site 586 on Ontong-Java Plateau and Site 591 on Lord Howe Rise have carbonate contents that are consistently higher than 90% with only minor variations. Consequently, paleoceanographic signals were not recorded in detail in the carbonate contents. However, mass accumulation rates of carbonate increased in the late Miocene to mid-Pliocene, reflecting an increase in productivity, then abruptly decreased from mid-Pliocene to the present. Variations in relative abundances of coarse material (foraminifers) and fine material (mostly calcareous nannofossils) do reflect histories of current winnowing and biogenic productivity at the two sites. The late Miocene from 10.5 to 6.5 m.y. ago was a time of relatively constant, quiet, pelagic sedimentation with typical southwest Pacific sedimentation rates of 20-25 m/m.y. The average coarse-fraction abundances are always higher at Site 586 than at Site 591, which reflects winnowing at Site 586. These conditions were interrupted between 6.5 to 4.0 m.y. ago when increased upwelling at the Subtropical Divergence and the Equatorial Divergence produced greater productivity of calcareous planktonic organisms. The increased productivity is suggested by large increases in both fineand coarse-fraction material and constant ratios of foraminifers to nannofossils. The maximum of productivity was about 4.0 m.y. ago. This period of increased upwelling is coincident with the inferred development of the West Antarctic ice sheet. The high productivity was followed by an abrupt increase in winnowing about 2.5 m.y. ago at Site 591, but not until about 2.0 m.y. ago at Site 586. By 2.0 m.y. ago in the late Pliocene, quiet, pelagic sedimentation conditions prevailed, similar to those of the late Miocene. The last 0.7 m.y. has been a period of relatively intense winnowing on Lord Howe Rise but not on Ontong-Java Plateau.
INTRODUCTION
Shackleton and Opdyke (1976) published their classic study of the oxygen-isotope composition of late Pliocene and Quaternary planktonic foraminifers from piston Core V28-239 from Ontong-Java Plateau, and also presented a high-resolution (1 sample/5 10 3 yr.) stratigraphy of the percent coarse fraction (>180 µm). The coarse-fraction record in Core V28-239 is strongly correlated with the oxygen-isotope record; the oxygen-isotope stages with higher values of δ 18 θ (i.e., colder periods; Stages 2, 4, 6, etc.) have more coarse material than do those with lighter δ 18 θ values. Because Core V28-239 was collected in a water depth of 3490 m, below the foraminiferal lysocline, Shackleton and Opdyke (1976) assumed that the increases in coarse fraction were due to carbonate dissolution. Studies of carbonate dissolution on Ontong-Java Plateau place the top of the calcite lysocline at about 3400 m Berger et al., 1982) ; consequently, dissolution is likely to have occurred in Core V28-239. Shackleton and Opdyke (1976) did not discuss the details of the coarse-fraction data from Core V28-239, but focused on the significance of the oxygen-isotope data.
On Leg 90, during the splitting of the cores, the shipboard sedimentologists noticed that there appeared to be fluctuations of observable foraminiferal tests with depth, especially in sediment from Site 586 on Ontong-Java Plateau. This observation prompted us to sample Site 586 for coarse-fraction analyses and, for a comparison, we also chose to sample sediment from Site 591, adjacent to the Subtropical Divergence on Lord Howe Rise. We reasoned that fluctuations in the coarse fraction must be a response to (1) dissolution of carbonate, (2) winnowing of fine-grained material, or (3) deposition of finegrained material. All three of these processes are responses to oceanographic conditions; therefore, the coarsefraction stratigraphies should provide insights into late Neogene paleoceanographic changes that occurred in the southwest Pacific.
Site 586 is located within 2 km of DSDP Site 289 in 2208 m of water on the eastern flank of Ontong-Java Plateau (Fig. 1) . The hydraulic piston corer (HPC) was used to obtain 98% recovery of a virtually undisturbed 300-m composite section. The sediment is foraminifer-nannofossil ooze to foraminifer-bearing nannofossil ooze, and the oldest sediment recovered is earliest late Miocene in age. The Quaternary section on Ontong-Java Plateau has been extensively studied, principally by Thompson and Saito (1974) , Shackleton and Opdyke (1973; 1976) , Berger and Johnson (1976) , Berger et al. (1977; 1979) , Thompson and Sciarrillo (1978) , Krishnamurthy et al. (1979) , Bonneau et al. Vincent et al. (1981) . The rotarydrilled late Neogene section at Site 289 on Ontong-Java Plateau was investigated (Klein, 1975; van der Lingen and Packham, 1975; Holdsworth, 1975; Woodruff, et al., 1981) , but those studies are based on widely separated samples of sediment that were severely disturbed by drilling. Site 591 is located on the eastern flank of Lord Howe Rise in 2142 m of water (Fig. 1) . The upper 284 m of the site was drilled with the HPC and recovered 98°7o section; below 284 m the section was drilled with the extended core barrel and averaged only 44 °7o recovery. The undisturbed sediment is foraminifer-bearing nannofossil ooze that grades to chalk at about 300 m sub-bottom. The oldest sediment recovered is latest early Miocene in age.
METHODS
Samples for coarse-fraction analyses were collected approximately every 40 cm at Site 586 and every 50 cm at Site 591. Average sedimentation rates, based on nannofossil biostratigraphy (Introduction, this volume), average about 27 m/m.y. for Site 586 and about 32 m/m.y. for Site 591. The sample spacing yields an approximate time series with an average of one sample every 15 × 10 3 yr. for Site 586 and one sample every 16 × 10 3 yr. for Site 591. The highest frequency of cycles that may be defined from a periodic series is twice the sampling interval (Davis, 1973 ; also see Ledbetter and Ellwood, 1976) . This highest frequency, called the Nyquist frequency, is therefore about 30 × 10 3 yr./ cycle for our time series from Sites 586 and 591.
Samples were first split into three subsamples: one for calculation of a water-content correction factor so that it was not necessary to dry the coarse-fraction samples before they were disaggregated; a second split for coarse-fraction analysis; and a third, very small split for smearslide examination. Each correction-factor split was weighed, dried in an oven at 60°C for 24 hr., cooled in a desiccator, and weighed again. The correction factor was calculated using Equation 1:
where DWa is the dried weight of the sample and WWa is the initial wet weight of the sample. The correction factor was used to calculate the weight of dry sediment in the split used for coarse-fraction analysis using Equation 2:
WWb × CORR × 100
where P 147 is the percentage of the sample > 147 µm, W 147 is the weight of the > 147 µm fraction, and WWb is the wet weight of the original coarse-fraction split. The same calculations were carried out on the fraction between 63 and 147 µm. The percentages of coarse fraction (> 63 µm) and fine fraction (< 63 µm) were calculated by difference from the analytical results. Nearly all the carbonate data presented here were analyzed aboard ship using the carbonate bomb (Müller and Gastner, 1971) . The shipboard data from both sites show step increases in carbonate with depth ( Fig. 2A, B ) that we suspect are calibration errors. Consequently, we reanalyzed some of the original bomb samples from the intervals that bridge the step increases using a coulometric carbon analyzer with a precision and accuracy that are both better than ± 1 °7o (Huffman, 1977) . To correct these errors, the upper sections were adjusted by adding the difference between the mean values of the reruns and the mean of the carbonate bomb analyses to each data point above the step change. The resulting adjusted curves (Fig. 2C, D ) are considered to be more representative of the carbonate stratigraphy than are the original curves.
In order to investigate the timing of events in the coarse-fraction record and to calculate periodicities of the cycles, we had to apply an age model to each site. We used the nannofossil zonation and age boundaries established for Leg 90 (Introduction, this volume; Table 1 ) but with some apparent difficulties. A plot of age versus sedimentation rate for Site 591 (Fig. 3) shows that nannofossil Zones NN12 to NN15 have anomalously high sedimentation rates. When similar plots were constructed for all of the Leg 90 sites and for Site 586 (Fig. 3) , the same nannofossil zones between 3.5 and 5.0 m.y. have very high sedimentation rates, often an order of magnitude greater than those for the other zones. It is possible that either the ages of the nannofossil zone boundaries, or the criteria for their recognition, or both, may be in error but we assumed that the biostratigraphy and ages are correct. We used the Leg 90 biostratigraphy (Introduction, this volume) for Site 591, but we had difficulties with the data from Site 586. We plotted several different age models for Site 586 using different biostratigraphic zonations and compared different sections of the record (Fig. 4) . When the western North Pacific nannofossil zonation of Ellis (1981) is used, a severe compression of the data occurs in the interval from 1.8 to 2.1 m.y., and an expansion of the data occurs in the interval from 0.9 to 1.8 m.y. Similar compressions and expansions occur when the nannofossil zonation of Okada and Bukry (1980) or the planktonic foraminiferal zonation (Moberly, Schlanger, et al., in press) are used. We used the nannoplankton zonation of Leg 90 for Site 586 because it gives the least severe compressions and expansions of the record, and it allows us to compare the records from Sites 586 and 591 without major distortions caused by different age models. However, accepting this biostratigraphic and age model results in the acceptance of the high sedimentation rates for the early to middle Pliocene (Fig. 3) .
The data for coarse fraction versus depth (Appendix A) were converted to coarse fraction versus age by calculating a sedimentation rate between each of the nannofossil zone boundaries and linearly interpolating the age of each data point. Bulk-sediment mass accumulation rates (MAR) in g/cm 2 per m.y. were calculated for 0.5-m.y. intervals in order to eliminate the effects of compaction on linear sedimentation rates and so that calculations of fluxes of components could be made (Fig. 5) . Bulk-sediment MAR was calculated using Equations 4 and 5: DBD = (l-P/100) × 2.7 MAR = DBD × SR × 100
where P is the average porosity, DBD is the average dry bulk density, both calculated from the physical properties data (Site 586 and 591 chapters, this volume). SR is the average sedimentation rate, and 2.7 is the average density of calcite. Figure 2A ,B indicate the location of the step changes in carbonate caused by the shipboard calibration error.
composed entirely of planktonic foraminifers. The <63 µm fraction is composed almost entirely of nannofossils and juvenile planktonic foraminifers. The coarse-fraction data from all four size fractions from Site 586 (Fig. 7) show persistent long-term and short-term trends. In general, the concentrations of the > 147-µm fraction are lower than the mean value below 100 m sub-bottom and higher than the mean value above 100 m. However, there is a persistent trend of increasing > 147-µm fraction from 120 m to the surface. The percentage of the < 63-µm fraction is consistently above the mean from 300 to 140 m sub-bottom, then generally decreases to the top of the core. The concentrations of the 63-147-µm fraction vary around the mean value with no consistent trends.
The coarse-fraction data for Site 591 are complete only for the > 63-µm and < 63-µm fractions (Fig. 8) . The > 147-µm percentages are consistently less than about 4% below 120 m sub-bottom, and the amounts of material > 147-µm were so small that significant errors in weighing could occur. We therefore stopped sieving for the > 147-µm fraction at the 120-m level but continued to measure the > 63-µm fraction. The < 63-µm fraction shows trends that are similar to those from Site 586 with both high-and low-frequency cycles of grain size, but the details of the distributions of grain size with depth are somewhat different. The < 63-µm fraction is generally above the mean value from 480 to about 120 m subbottom but with zones of below mean values, especially between 440 and 420 m and between 302 and 295 m. Figure 4. Age versus depth curves for Site 586 using nannofossil zonations and ages from Introduction (this volume), Okada and Bukry (1980) , and Ellis (1981) . Age (m.y.) Figure 6 . Plots of CaCO 3 mass accumulation rates (MAR; g/cm 2 per m.y.) averaged for 0.5-m.y. intervals versus age for Site 586 (circles) and Site 591 (triangles). The lowest plot (stars) represents the average carbonate MARs for the entire Pacific Ocean (from Davies and Worsley, 1981) .
The < 63-µm fraction has a persistent trend of decreasing percentages from about 230 m to the top of the section, similar to the trend above 100 m at Site 586.
In order to investigate the nature of the variations in coarse fraction and to compare the coarse-fraction stratigraphies from Sites 586 and 591, it was necessary to replot the coarse-fraction abundance data versus age (Figs. 9, 10) . These data were subdivided into 0.5-m.y. intervals and various parameters were calculated for each interval (Tables 2, 3) .
Plots of the mean percentage of coarse fraction > 63-µm in each 0.5-m.y. interval (Fig. 11) show that the two sites have similar trends in coarse fraction with time, but that Site 586 consistently has more than twice the percentage (and as much as five times) of the > 63-µm fraction than does Site 591. The overall trend in coarse fraction is a pronounced low abundance at both sites that lasted from the late Miocene into the early Pliocene (about 9 to 4.5 m.y. ago). Coarse fraction generally increased from about 4.5 m.y. to the late Quaternary at both sites, but there are significant fluctuations, particularly at Site 586.
The variation in coarse-fraction values is shown in Figure 11 as the coefficient of variation (c.v.), which is the standard deviation expressed as a percentage of the mean [(X/SD) -100]. The variations in the coarse-fraction data from the two sites are different in magnitude, although they are similar in trend. Clearly, there is greater variability in coarse fraction at Site 591 than at Site 586. The > 63-µm fraction from Site 586 has c.v. values that range between 15 and 30%, whereas the same size fraction from Site 591 has c.v. values that range from less than 10 to greater than 30%.
CAUSES OF COARSE-FRACTION VARIATION
The entire coarse-fraction component > 63 µm from Sites 586 and 591 is composed of planktonic foraminifers. The material <63 µm is principally composed of nannofossils and juvenile foraminifers. The shipboard smear-slide summaries (see site chapters, this volume) and shore-based observations reveal that very little material other than foraminifers and nannofossils is present in the sediment. Consequently, the significance of fluctuations in coarse fraction can be interpreted as the result of one or a combination of the following conditions: (1) fluctuations in size-selective dissolution of biogenic carbonate; (2) fluctuations in the rates of production and accumulation of nannofossils relative of those of foraminifers; and (3) fluctuations in amount of winnowing of the fine biogenic components.
Dissolution would tend to break down the foraminiferal tests into fragments and produce a decrease in coarse fraction (> 63 µm) and an increase in fine fraction (< 63 µm) (Berger et al., 1982) . However, we have discounted dissolution as a cause of fluctuations in coarse fraction because both sites are well above the depth of the present lysocline of 3400 to 3600 m (Berger et al., , 1982 . The depths of the Pacific lysocline and calcite compensation depth (CCD) have been below their present depths since the early Oligocene (van Andel et al., 1977) , and there are no indications that either Ontong-Java Plateau or Lord Howe Rise were ever significantly deeper than their present depths (Burns, Andrews, et al., 1973; Andrews, Packham, et al., 1975) . Shipboard paleontologists noted good to excellent preservation of calcareous microfossils in Quaternary through lower Pliocene sediment at both sites but, in general, the preservation of nannofossils decreases with depth. Noticeable overgrowths were observed on nannofossils in the lowermost Pliocene and older sediment at Site 586 and in upper Miocene and older sediment at Site 591. The fluctuations in coarse fraction do not follow the pattern of observed overgrowths, but occur throughout the record from the late Miocene through the Holocene. This is another reason why we believe that dissolution can be discounted here.
The second process that can cause fluctuations in coarse fraction is variation in accumulation of fine (<63 µm) material. If a locality was a depocenter of material that had been winnowed from upstream, or if productivity in the surface waters significantly increased, thus producing a higher flux of nannofossils than normal, then the fine-fraction (<63 µm) component would dilute the coarser foraminiferal component. There is no evidence from the bathymetry of either area to suggest that they may have periodically been preferred sites of accumulation of current-transported fine materials. Variations in nannofossil productivity, however, may have occurred. Both sites are presently located close to oceanographic diverences (Fig. 1) ; Site 586 is near the Equatorial Divergence and Site 591 is beneath the Subtropical Divergence. Any overall change in the strength of regional surface circulation should have had exaggerated effects at both sites and in the same way; that is, if circulation strengthened, then the divergence should have become stronger and productivity should have increased. An area of high primary production, such as an upwelling region or a divergence, preferentially should produce a larger flux of phytoplankton (nannofossils and diatoms) than zooplankton (foraminifers and radiolarians). Consequently, an area of high productivity might well produce sediment with higher percentages of finer material relative to an area with low productivity. This process would allow the coarse-fraction record to be interpreted as a record of paleoproductivity. The third process that can produce changes in the coarse-fraction content is variation in winnowing effects. Currents competent to erode and transport fine (<63 µm) material would increase the coarse fraction (>63 µm) at the expense of the fine fraction (see, e.g., Thiede, 1977). We use winnowing to mean a process that either erodes and transports some, but not necessarily all, of the fine components or causes selective nondeposition of that fine fraction leaving the coarse components relatively intact. We do not mean an erosive process that eliminates entire deposits. Erosion of an entire deposit will cause a hiatus and should be recognized by absent or highly compressed biostratigraphic zones and very slow sedimentation rates. The recovery of all biostratigraphic zones of both planktonic foraminifers and nannofossils at Sites 586 and 591 indicates that there were no erosional events strong enough to remove an entire biostratigraphic zone, although minor erosional events of up to several tens of thousands of years may have occurred.
Long-Term Trends
From our discussion on causes of coarse-fraction variations in the previous section, we concluded that dissolution could not be an important process at either Sites 586 or 591, but that productivity of calcareous plankton and current winnowing both may have been important processes. In this section we discuss how these two processes may have been responsible for the observed variations in the coarse-fraction records on Lord Howe Rise and Ontong-Java Plateau. The basis for this discussion will be the plots for 0.5-m.y. intervals of average values of the >63-µm fraction (Fig. 11 ), average sedmentation rates (Fig. 3) , average bulk-sediment MAR (Fig. 5) , and average MAR for each size fraction (Fig. 12 ). Based on the plots in Figures 3, 5, 11, and 12, we have subdivided the records at Sites 586 and 591 into five time intervals for purposes of discussion: 10.5 to 6.5 m.y.; 6.5 to 4.0 m.y.; 4.0 to 2.5 m.y.; 2.5 to 0.7 m.y.; 0.7 to the present. Each interval represents different conditions of sediment accumulation at Lord Howe Rise and Ontong-Java Plateau. During the early late Miocene (10.5 to 6.5 m.y.) sedimentation rates at Sites 586 and 591 were relatively typical for sedimentation rates on carbonate platforms outside of high-productivity regions. The sedimentation rate on Lord Howe Rise during this interval was about 20 m/m.y. and that on Ontong-Java Plateau was about 25 m/m.y. (Fig. 3) . The bulk-sediment MARs of the two areas during this interval were about 2500 g/cm 2 per m.y. for Lord Howe Rise and about 3000 g/cm 2 per m.y. for Ontong-Java Plateau (Fig. 5 ). These MARs are typical for the southwestern Pacific at that time (Worsley and Davies, 1979) . The average coarsefraction (> 63 µm percentages ( Fig. 11) and MARs (Fig. 12) were always higher at Site 586 than at Site 591. We interpret this difference to be the result of winnowing of rather nominal sediment fluxes on Ontong-Java Plateau during the early late Miocene. Site 586 has about 30% coarse fraction and about 70°/o fine fraction (Fig. 11) . If we assume all coarse fraction is foraminifers and 10% of the fine fraction is juvenile foraminifers, then the ratio of foraminifers to nannofossils is 40:60. The same assumptions applied to Site 591 yield a ratio of foraminifers to nannofossils of 15:85. Consequently, it is apparent that Site 586 witnessed stronger winnowing efficiently than did Site 591 during the early late Miocene. We use this period from 10.5 to 6.5 m.y. ago as a baseline for "normal" conditions of productivity and sediment accumulation at both Lord Howe Rise and Ontong-Java Plateau from which to measure changes that occurred later in the records from these two areas. It is important to note that during this period the main Antarctic ice sheet was already formed (Kennett, 1977) , but the West Antarctic ice sheet was not yet developed (Ciesielski et al., 1982; Kennett, 1982) .
The period of relatively normal sedimentation was followed by a period of very high productivity in the latest Miocene to early Pliocene from 6.5 to 4.0 m.y. ago. The effects apparently were much greater and began about 1 m.y. earlier on Lord Howe Rise than on Ontong-Java Plateau. Increased productivity is suggested by the large increases in sedimentation rates ( Fig. 3 ) and bulk-sedi-ment MARs (Fig. 5) , but, more importantly, by the relationships between the size-fraction MARs (Fig. 12) . At Site 591, there is a very large increase in the <63-µm MAR from about 2100 to greater than 8000 g/cm 2 per m.y. (Fig. 12 ). During this same interval, the >63-µm MAR rose from less than 200 to about 800 g/cm 2 per m.y. Less dramatic but significant increases in size-fraction MARs also occurred on Ontong-Java Plateau where the <63-µm MAR went from 2000 to 3000 g/cm 2 per m.y. and the >63-µm MAR went from 700 to 1100 g/ cm 2 per m.y. The ratio of the coarse-to fine-fraction components changed very little from 6.5 to 4.0 m.y. ago (Fig. 12) , further supporting increased productivity during this time. Maximum productivity at Sites 586 and 591 from 6.5 to 4.0 m.y. ago supports the suggestion by Ciesielski et al. (1982) that one effect of the expansion of the Antarctic ice sheet and the growth of the West Antarctic ice sheet beginning about 6.2 m.y. ago was to increase the surface circulation at least of the Southern Ocean. The grain-size stratigraphies suggest that there was increased productivity probably caused by increased upwelling that resulted from the intensification of the Subtropical and Equatorial divergences during this time. This early Pliocene period of maximum productivity on both Lord Howe Rise and Ontong-Java Plateau corresponds to a period of maximum sedimentation rates on the Falkland Plateau (Ciesielski et al., 1982) and maximum carbonate MAR averaged for the entire Pacific Ocean (Davies and Worsley, 1981; Fig. 6 ). The cause of the decreased sedimentation rates can be determined from the grain size MARs (Fig. 12) . At both Ontong-Java Plateau and Lord Howe Rise the coarse-fraction component MAR (> 63 µm) persisted at high values of about 700 to 1000 g/cm 2 per m.y. between 4.0 and 2.5 m.y. ago, whereas the fine-fraction component MAR (<63 µm) significantly decreased. At Site 591 the decrease was from a high of greater than 8000 to a low of about 2500 g/cm 2 per m.y.; at Site 586 the decrease was from a high of 2900 to a low of about 1500 g/cm 2 per m.y. These decreases in fine fraction together with persistently high values of coarse fraction suggest a significant period of winnowing between 4.0 and 2.5 m.y. ago.
By 2.0 m.y. ago sedimentation rates at Ontong-Java Plateau had returned to values similar to those of the late Miocene (-25 m/m.y.), but sedimentation rates on Lord Howe Rise remained about 50% higher than late Miocene rates. Both fine fraction and coarse fraction significantly decreased, yet the sedimentation rates do not suggest a hiatus. Consequently, dissolution probably is not the cause of the decreases. It is not possible to determine how much of the sharp decrease in sedimentation rates and sediment MARs between 4.0 and 2.0 m.y. ago was due to winnowing and how much was due to decreased productivity. However, the middle Pliocene (4 to 3 m.y. ago) was a period of erosion on the Falkland Plateau (Ciesielski et al., 1982) ; increase Antarctic Bottom Water circulation in Vema Channel in the South Atlantic (Ledbetter et al., 1978) ; and high abundance of cold-water Antarctic radiolarians (Keany, 1978) . Further, it is represented by a disconformity in the Ross Sea (Hayes, Frakes, et al., 1975) . All of these suggest that winnowing was important. A decrease of about 50% in the carbonate MAR for the entire Pacific Ocean beginning about 4.0 m.y. ago (Davies and Worsley, 1981) , however, suggests that productivity also may have decreased.
Significant winnowing and possibly decreased productivity continued between 3.0 and 0.7 m.y. ago, as indicated by the shoulders on the sedimentation rate and MAR curves for this time interval (Figs. 3, 5, 12) . Erosion on Lord Howe Rise and Ontong-Java Plateau during this time interval coincides with a period of maximum post-Miocene erosion on the Falkland Plateau (2 to 1 m.y. ago; Ciesielski et al., 1982) ; several Patagonia glaciations (Fleck et al., 1972; Mercer, 1976) ; severe glaciation in the Weddell Sea (2.5 to 1.9 m.y. ago; Anderson, 1972); and initiation of Northern Hemisphere glaciation about 2.5 m.y. ago (Kent et al., 1971; Berggren, 1972; Shackleton and Kennett, 1975; Shackleton and Opdyke, 1977; Backman, 1979; Poore, 1981; Kennett, 1983) .
The intensity of winnowing increased on Lord Howe Rise during the late Quaternary from 0.7 m.y. ago to the present, but this event did not affect the Ontong-Java Plateau. The evidence for winnowing on Lord Howe Rise can be seen by the marked decreases in MARs of both the fine and coarse fractions (Fig. 12) . The <63-µm MAR decreased from 2300 to less than 800 g/cm 2 per m.y., the >63-µm MAR decreased from 650 to 340 g/ cm 2 per m.y., the > 147-µm MAR decreased from 250 to 120 g/cm 2 per m.y., the bulk-sediment MAR decreased from 3000 to 1200 g/cm 2 per m.y. (Fig. 5) , and the sedimentation rates decreased from 32 to 12 m/m.y. (Fig.  3) . The average percentage of the coarse fraction also increased considerably during the Pliocene and Quaternary (Fig. 11) , lending further support for winnowing during the last 1.0 m.y. This interval of increased winnowing on Lord Howe Rise may have been a local event because it is not found on Ontong-Java Plateau and the last 0.7 m.y. was a period of increased sedimentation on the Falkland Plateau (Ciesielski et al., 1982) . In order to determine the periodicities of the 10 4 yr. cycles, we plotted the grain-size data versus age but at a much larger scale than in Figures 9 and 10. We subdivide the age axis into 0.5-m.y. intervals and counted the number of cycles for each 0.5-m.y. interval. The periodicities for each 0.5-m.y. interval at each site are plotted on Figure 13 .
The periodicities of the 10 4 yr. cycles range from 100 to 48 × 10 3 yr./cycle at Site 586 and from 250 to 33 × 10 3 yr./cycle at Site 591 (Fig. 13) . The most noticeable characteristic of the grain-size cycles is the change in periodicities that occurred about 5 m.y. ago at both sites. Prior to 5 m.y. ago, in the late Miocene, periodicities of grain-size cycles at Site 586 varied between about 55 and 80 × 10 3 yr./cycle with an average periodicity of about 65 × 10 3 yr./cycle. Then, at about the Miocene/Pliocene boundary, the periodicities of the cycles decreased to an average of about 40 × 10 3 yr./cycle between 5 and 2.5 m.y. ago, and increased back to an average periodicity of about 65 × 10 3 yr./cycle between 2.5 and 0.7 m.y. ago. Because the sedimentation rates and MARs are relatively constant at Site 586 between 11 and 6 m.y. ago and between 2.5 and 0.7 m.y. ago (Figs. 3, 5, 12) , the range in periodicities (55 to 80 × 10 3 yr./cycle) for these parts of the section probably represents an average range of periodicities for cycles in sediment from this area deposited under relatively stable conditions. The amplitudes of the 10 4 yr. cycles, like the amplitudes of the 10 5 yr. cycles, are much less in the Miocene part of the section. In the post-Miocene part of the section the amplitudes of variation in grain size at all scales are considerably greater. At Site 591, periodicities of grain-size cycles were generally greater than 100 × 10 3 yr./cycle during the late Miocene, with considerable variation. Periodicities decreased markedly in the latest Miocene to about 40 × 10 3 yr./cycle by the early Pliocene, and then increased to between 70 and 130 × 10 3 yr./cycle in the upper Pliocene section and greater than 100 × 10 3 yr./cycle in the Quaternary section. The shortest periodicities at both sites occur in the Pliocene.
The observed variations in grain-size parameters are the result of fluctuations in winnowing strength and productivity that are directly linked to climatic forcing through fluctuations in surface and subsurface circulation. The periodicities of all of the grain-size cycles are within the range of orbital cycles that have been used to interpret the mechanism of global climate change (Hays et al., 1976; Pisias and Moore, 1981) . However, because the periodicities of 10 4 and 10 5 yr. grain-size cycles at Sites 586 and 591 are not similar for any given period and because the periodicities are highly variable over the past 10 m.y., particularly on Lord Howe Rise, we believe that local effects of fluctuations in productivity and winnowing have modified the primary record of climatic forcing. Consequently, the resultant records are CONCLUSIONS Ontong-Java Plateau and Lord Howe Rise have both been well above the foraminiferal lysocline and the CCD for at least the last 10 m.y. Therefore, carbonate concentrations are too high to preserve any variations that might be correlated with established carbonate stratigraphies that reflect climate change. However, the grainsize stratigraphies of Sites 586 and 591 do show histories of the influences of current winnowing and phytoplankton productivity on the sediment of Ontong-Java Plateau and Lord Howe Rise that are related to climatic changes.
Conditions of sediment accumulation at both sites were relatively stable during the late Miocene from 10 to 6.5 m.y. ago. The latest Miocene and early Pliocene was a period of greatly increased nannoplankton productiv-ity, influencing the sediment of Lord Howe Rise much more than the sediment of Ontong-Java Plateau. The increased productivity at Lord Howe Rise probably was caused by increased upwelling at the Subtropical Divergence and at Ontong-Java Plateau by increased upwelling at the Equatorial Divergence. The increased upwelling is inferred to have been caused by increased circulation related to the development and expansion of the West Antarctic ice sheet. The period of increased productivity was followed by a period of current winnowing during the late Pliocene (4.0 to 2.0 m.y.). The conditions returned to quieter pelagic sedimentation until about 0.7 m.y. ago when another episode of current winnowing commenced on Lord Howe Rise but not on OntongJava Plateau.
The periodicities of the cycles of grain-size fluctuations are within the range of cycles of the Earth's orbital parameters that are thought to be the main forcing mechanism of global climate change. However, local influences of current winnowing and productivity have altered any primary climatic signal of orbital forcing at both Lord Howe Rise and Ontong-Java Plateau.
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